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0929-6646/Copyright ª 2015, ElsevierBackground/purpose: Betel quid (BQ) chewing is popular in Taiwan and many other countries.
There are about 200e600 million BQ chewers in the world. BQ chewing is one major risk factor
of oral cancer and oral submucous fibrosis (OSF). While areca nut (AN), a main component of
BQ, exhibits genotoxicity, its transformation capacity and its role in the initiation and promo-
tion stages of carcinogenesis are not fully clear.
Methods: Mouse C3H10T1/2 cells were exposed to AN extract (ANE) for 24 hours. Cytotoxicity
was evaluated by colony forming efficiency. For the transformation assay, C3H10T1/2 cells
were exposed to ANE for 24 hours and then incubated in medium with/without 12-O-tetrade-
canolylphorbol-13-acetate (TPA; a tumor promoter) for 42 days. Cells were stained with Gi-
emsa and type II and type III transformed foci were counted for analysis of the
transformation capacity of ANE.
Results: ANE exhibited cytotoxicity to C3H10T/12 cells at concentrations higher than 320 mg/
mL as shown by a decrease in colony numbers. ANE (80e640 mg/mL) alone mildly stimulated
the transformed foci formation (p > 0.05). In the presence of TPA, ANE (80e640 mg/mL) mark-
edly stimulated the transformed foci formation. The percentage of dishes with foci increasedhave no conflicts of interest relevant to this article.
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Inducing cell transformation by areca nut 109from 0% in controls to 20% in ANE (80 mg/mL and 320 mg/mL)-treated groups and further
increased to 65e94% in ANE plus TPA groups.
Conclusion: These results indicate that ANE is a weak complete carcinogen. ANE is an effective
tumor initiator and can induce malignant transformation of C3H10T1/2 cells in the presence of
a tumor promoter. ANE may be involved in multistep chemical carcinogenesis by its malignant
transformation capacity.
Copyright ª 2015, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Betel quid (BQ) chewing is a popular oral habit in Taiwan,
India, Sri Lanka, South Africa, and many other Southeast
Asian countries. Previous studies have indicated that BQ
chewing habit is the major risk factor of oral leukoplakia,
oral submucous fibrosis (OSF), and oral squamous cell car-
cinoma (OSCC).1,2 There are about 2.0 million BQ chewers
in Taiwan.3 Recently, oral cancer has become the fifth most
common cancer in both males and females and the fourth
most common cancer in males in Taiwan, and has been a
critical health issue.4 Moreover, the incidence of oral can-
cer is 123-fold higher in patients who smoked, drank
alcohol, and chewed BQ than abstainers.5 These results
suggest the presence of chemical carcinogens in the BQ.
Areca nut (AN) as the main component of BQ is consid-
ered to be the major etiologic factor of oral cancer. AN
extract (ANE) contains mainly tannin and areca alkaloids
(such as arecoline and arecaidine) that are potential car-
cinogens. During the period of chewing BQ, carcinogenic
substances are released from BQ, irritate the oral mucosa,
and finally lead to the malignant transformation of normal
oral epithelium to OSCC.
Many prior studies have revealed that ANE exhibits
genotoxic and mutagenic activities to different kinds of
cells such as oral keratinocytes, Chinese hamster ovary
cells, and oral fibroblasts.1,2 Our recent study further
showed that BQ chewing may affect the wound healing,
inflammatory condition, and fibrotic processes in oral mu-
cosa via inducing prostanoids and cytokines production in
oral keratinocytes, as well as buccal fibroblasts contraction
by ANE and areca alkaloids. Persistent buccal fibroblast
contraction may induce fibrotic contracture of oral mucosal
tissue, leading to OSF.6e8
Chemical carcinogenesis has been shown to be a multi-
step process which includes tumor initiation, promotion,
progression, and many others.9,10 Various carcinogens may
be involved in specific steps of carcinogenesis by inducing
DNA damage, cytotoxicity, cell proliferation, tissue inflam-
mation, and impairment of cellecell communication.11e13
However, limited studies are focused on whether AN com-
ponents may induce malignant transformation of cultured
cells. C3H10T1/2 mouse embryonic fibroblastic cells have
been widely used to clarify the involvement of chemicals in
different steps of carcinogenesis.14 C3H10T1/2 cells may be
transformed by chemical carcinogens to generate trans-
formed foci. These transformed cells, when inoculated into
subcutaneous tissue of mice, may induce tumor formation,
showing the capacity of toxic chemicals to stimulate ma-
lignant transformation of cells.14e16 We therefore designedthis study to further delineate the transformation capacity
of AN components using C3H10T1/2 cells.Materials and methods
Materials
Basal Medium Eagles, fetal calf serum, phosphate-buffered
saline (PBS), penicillin, and streptomycin were from Life
Technology (Gibco, Life Technologies, Grand Island, NY,
USA). Mouse C3H10T1/2 cells were from American Type
Culture Collection (ATCC, Manassas, VA, USA). They were
cultured in Basal Medium Eagles with 10% fetal calf serum
and penicillin/streptomycin. 12-O-Tetradecanolylphorbol-
13-acetate (TPA) and 3-methylcholanthrene (MCA) were
from Sigma Chemical Company, St Louis, MO, USA. ANE was
extracted, prepared, weighed, and used as outlined in
previous studies.8,17 In short, raw AN was bought from the
market, cleansed with double-distilled water, cut into small
pieces, and lyophilized. The dried AN pieces (50 g) were
ground by a motor-driven coffee blender to produce fiber
and powder. They were then extracted by 1 L of double-
distilled water at 4C for 4 hours and centrifuged at
5000 rpm for 15 minutes. The supernatant was filtered by
Advantec filter papers (Toyo Roshi Kaisha Ltd, Tokyo,
Japan), lyophilized again, and weighed prior to use.
Cytotoxicity of ANE on C3H10T1/2 cells
Briefly, 200 C3H10T1/2 cells were seeded into 6 cm culture
dishes. After 24 hours of attachment, they were exposed to
5 mL fresh culture medium containing ANE (80 mg/mL,
320 mg/mL, or 640 mg/mL) for 24 hours. Culture medium
was decanted. Cells were further cultured in fresh medium
for 10 days with a change of medium at Day 5. The medium
was then decanted and cells were washed with PBS, fixed,
and stained with 5% Giemsa solution and finally rinsed by
water before taking pictures and the colonies were counted
as outlined in a previous study.18
Transformation activity of ANE with/without TPA
Briefly 2  103 C3H10T1/2 cells were seeded into 6 cm
culture dishes. After 24 hours of attachment, they were
exposed to 5 mL fresh medium containing ANE (80 mg/mL,
320 mg/mL, or 640 mg/mL) for 24 hours. Culture medium
was decanted. Cells were further cultured with/without
TPA for 42 days, with a change of culture medium and TPA
110 C.-Y. Yeh et al.(0.25 mg/mL) every 7 days. MCA (2 mg/mL) was used as a
positive control.
Finally, the culture medium was then decanted and cells
were washed with PBS, fixed and stained with 5% Giemsa
solution, and finally rinsed by water before taking pictures
and observation under a microscope. For scoring of type II
and type III transformed foci, the characteristics and defi-
nition of foci were defined by Reznikoff et al.15 Briefly, type
I foci was defined as the presence of tightly packed cells.
The type II foci were defined as a focus showing a massive
build-up of cells to an opaque multilayer with a criss-cross
pattern. Type III foci showed the presence of highly polar
and multilayer criss-cross arrays of stained cells.
Statistical analysis
Three separate experiments were performed and the
accumulative data of transformed foci were calculated for
analysis. The statistically significant difference between
two groups was analyzed by the Student t test. A p value <
0.05 was considered to be statistically significant.
Results
Cytotoxicity of ANE on C3H10T1/2 cells
Clonal growth of C3H10T1/2 cells will form a cell colony after
Giemsa staining as shown in Fig. 1A. The number and size of
colony formation of C3H10T1/2 cells decreased after exposure
to ANE 640 mg/mL for 24 hours (Fig. 1A). Quantitatively, theFigure 1 Cytotoxicity of areca nut extract (ANE) on C3H10T1/
2 cells. (A) Colony formationofC3H10T1/2cells after exposure to
different concentrations of ANE. One representative staining
picture is shown; (B) quantitative analysis in plating efficiency of
C3H10T1/2 cells after exposure to different concentrations of
ANE. Results are expressed as mean  SEM. * Statistically signif-
icant difference (p < 0.05) when compared with the control.plating efficiency of C3H10T1/2 cells was about 25e30%. After
24 hours of exposure to 320 mg/mL and 640 mg/mL ANE, the
number of colonies was obviously inhibited (Fig. 1B).
Transformation of C3H10T1/2 cells induced by MCA
and ANE with/without TPA
Various carcinogens have been shown to induce the trans-
formation of C3H10T1/2 cells.15 As shown in Fig. 2A (left),
untreated cells (control) show no marked transformed foci
after staining. Transformed foci of C3H10T1/2 cells were
observed after exposure to ANE plus TPA (Fig. 2A, middle)
and MCA plus TPA (Fig. 2A, right).
Under microscopic examination, untreated C3H10T1/2
cells showed monolayer culture (Fig. 2B, left). The trans-
formed C3H10T1/2 cells induced by ANE plus TPA showed a
multilayer and criss-cross appearance (Fig. 2B, right).
Quantitative analysis of transformed foci
Quantitatively, no transformed foci were noted in solvent
treated controls. Exposure to ANE (80 mg/mL and 320 mg/
mL) alone slightly elevated the number of transformed
foci/dish to 0.2 and 0.25 (p > 0.05; Table 1). By the addi-
tion of TPA (a tumor promoter), the number of ANE-induced
transformed foci were markedly elevated to 1.75, 1.1, and
1.69 transformed foci/dish (p < 0.05; Table 1). MCA, a well-
known carcinogen and positive control, also obviously
stimulated the transformed foci formation in the presence
of TPA. The percentage (%) of dishes with foci also
increased from 0% in controls to 20% in ANE (80 mg/mL and
320 mg/mL)-treated groups and further to 65e94% in ANE
(80e640 mg/mL) plus TPA groups (Table 1).Figure 2 Effect of areca nut extract (ANE) on the transformed
foci formation of C3H10T1/2 cells. (A) In control dishes, no
transformed foci are noted after staining (left), transformed foci
are noted in C3H10T1/2 cells induced by ANE plus 12-O-tetrade-
canolylphorbol-13-acetate (TPA) (middle), and transformed foci
are also noted in C3H10T1/2 cells transformed by 3-
methylcholanthrene (MCA) plus TPA (right). One representative
staining result of the culture dish is shown; (B) control cells are
monolayer in culture (left), whereas transformed cells show
multilayers and are criss-cross in appearance under amicroscope.
Table 1 Inducing the transformation of C3H10T1/2 cells by areca nut extract (ANE) with/without 12-O-tetradecanolylphorbol-
13-acetate (TPA).
Treatment groups No. of dishes with
transformed foci
No. of transformed foci/dish Dishes with foci (%)
Type II Type III
Solvent control 0 0 0 0/14 (0)
ANE 80 mg/mL 2 2 0.20  0.09 4/20 (20)
ANE 320 mg/mL 5 0 0.25  0.12 4/20 (20)
ANE 640 mg/mL 0 0 0 0/16 (0)
TPA 0.25 mg/mL 2 4 0.43  0.17a 5/15 (33)
ANE 80 mg/mL þ TPA 19 16 1.75  0.33a,b,c 14/20 (70)
ANE 320 mg/mL þ TPA 17 5 1.10  0.25a,b,c 13/20 (65)
ANE 640 mg/mL þ TPA 19 8 1.69  0.25a,b,c 15/16 (94)
MCA 2 mg/mL þ TPA 24 4 2.00  0.41a,b 10/14 (71)
MCA Z 3-methylcholanthrene.
a Statistically significant difference when compared with control group.
b Statistically significant difference when compared with TPA group.
c Statistically significant difference when compared with respective ANE-treated group.
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In Taiwan and many other Southeast Asian countries, BQ
chewing is a popular oral habit that increases the risk of
oral cancer and OSF, a precancerous condition showing
epithelial atrophy and tissue fibrosis.1,2 In addition, long-
term BQ chewing may also cause inflammatory periodonti-
tis and root fracture.19,20 More seriously, ANE-induced in-
flammatory reactions are important for human response to
infection, irritation, and injury, as well as to oral can-
cer.7,21 AN not only induces oral epithelial hyperplasia and
carcinogenesis, but also has an impact on subcutaneous
connective tissue resulting in OSF. This can be due to gen-
otoxicity and nongenotoxicity of BQ components. In
Taiwan, the major components of BQ include AN, lime,
piper betle inflorescence with/without betel leaf.1,2 In this
study, we found that with increasing concentration of ANE,
the number and size of colony formation of C3H10T1/2 cells
obviously decreased, suggesting the cytotoxic effect of
ANE. Similarly, ANE also caused cytotoxicity to oral kera-
tinocytes and fibroblasts.6,7,22 Cytotoxicity and compensa-
tory tissue regenerative cell proliferation may lead to the
fixation of DNA damaged cells and promote carcinogen-
esis.9,23 During carcinogenesis, the cytotoxic effect by
chemicals may also cause the clonal selection of malignant
cells, leading to progression of cancer.24,25 Toxicity of ANE
may therefore contribute to oral carcinogenesis by inducing
cytotoxicity.
To knowmore about the role of AN in oral carcinogenesis,
we found that treatment by ANE alone without TPA showed
only a mild transformation capacity toward C3H10T1/2 cells
(p > 0.05). ANE has been shown to exhibit genotoxicity to
different kinds of cells.1,2 This result suggests that ANE is not
a strong complete carcinogen, not simulating the well-
known complete carcinogen MCA that may induce trans-
formed foci alone. BQ components have been suggested to
be tumor promoters by using both in vitro and in vivo mod-
els.26e29 Previous studies have found that BQ extract may
promote the transformation of JB6 cells and can be a tumor
promoter.27 This is possibly due to AN components or othertoxic components in the BQ (e.g., AN) or toxic species (such
as reactive oxygen species) generated during interaction of
BQ components. ANE was also shown to promote the trans-
formation of bovine papilloma virus-transfected C3H10T1/2
cells.28 Accordingly, AN components have been shown to
induce reactive oxygen species (ROS), prostanoids, and
other cytokines (interleukin-6, Granulocyte-macrophage
colony-stimulating factor, etc.) productions that are po-
tential tumor promoters.7,12,21,30,31 Prostaglandin and ROS
have been demonstrated to promote the transformation of
carcinogen and radiation-treated C3H10T1/2 cells.32,33
Moreover, we found that ANE markedly stimulated the
transformation of C3H10T1/2 cells, especially in the pres-
ence of the tumor promoter, TPA. These results suggest that
AN components have tumor initiating properties, even at a
concentration of 80mg/mL. BQcomponents have been shown
to induce DNA breaks, micronuclei formation, and chromo-
somal aberrations that are important for tumor initiation.1,2
ANE with/without TPA may induce type II and type III trans-
formed foci formation with typical morphologic changes in
C3H10T1/2 cells. Injection of these transformed cells into
subcutaneous tissue of mice may elicit tumor formation
in vivo.14e16 These results demonstrate the evident trans-
formation capacity and tumorigenicity of AN components.
In conclusion, BQ chewing may contribute to the path-
ogenesis of OSF and OSCC, possibly due to BQ components-
induced cytotoxicity and malignant cell transformation. AN
components may be involved in the multistep chemical
carcinogenesis by their tumor initiation and promotion
properties. More studies on the cellular and molecular
changes in different steps of the BQ-induced carcinogenesis
are necessary to further improve the prevention and
treatment strategies of oral cancer and OSF.Acknowledgments
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